The definition of experimental plot size is an essential tool to ensure precision in statistical analysis in experiments. The objective of this study was to estimate the plot size for the cactus pear cv. Gigante using the Modified Maximum Curvature Method, under the semi-arid conditions of Northeastern Brazil. The uniformity test was conducted at the Federal Institute of Bahia, Guanambi Campus, Bahia state, Brazil, during the agricultural period from 2009 to 2011. The spatial arrangement was composed of ten rows with 50 plants each, whose evaluated area was formed by the eight central rows with 48 plants per row, making 384 plants and area of 153.60 m². The following variables were evaluated: plant height; length, width and thickness of cladode; number of cladodes; total area of cladodes; cladode area and green mass yield in the third production cycle. In the evaluations, each plant was considered as a basic experimental unit (BEU), with an area of 0.4 m², comprising 384 basic units (BU), whose adjacent ones were combined to form 15 pre-established plot sizes with rectangular shapes and in rows. The characteristics total area of cladodes and green mass yield require larger plot sizes to be evaluated with greater experimental accuracy. For experimental evaluation of cactus pear cv. Gigante, plot size should be eight plants in the direction of the crop row.
Introduction
Cactus pear (Opuntia ficus-indica Mill.) cultivation has expanded in Brazil, especially due to the wide use of this cactus species as animal feed (Aguiar et al., 2015) . In Northeast Brazil, the plant is considered as source of energy with great potential in the nutrition of ruminants and, recently, the State of Bahia has intensified the efforts towards research and production of cactus pear (Padilha Junior et al., 2016; Donato et al., 2017) .
However, studies on this forage crop, besides presenting different experimental sizes, show oversized plots, usually defined by the experience of the researcher, based on the available resources and/or on the dimension of the experimental area (Padilha Junior et al., 2016; Donato et al., , 2017 , which justifies the need for adequate statistical planning.
The maximum modified curvature method (MMCM), through a regression equation, algebraically determines the optimal point of the plot size using the relationship between the coefficients of variation and its respective sizes (Pereira et al., 2017) . With this model it is possible to minimize experimental error, optimize resources and ensure maximum precision (Cargnelutti Filho et al., 2018) .
Cactus pear cv. Gigante, for being a typical cactus species, has spines in its morphological structure, which causes the researcher to work without ergonomics and sometimes under insalubrious conditions. That, associated with the exposure to full sun, aggravates the difficulties in evaluating the crop. Thus, besides the statistical significance, adequate sizes of experimental plots ensure practical viability of sampling and precision in data collection (Sousa et al., 2016) .
Despite that, there are no studies in the literature on estimates of size and shape of experimental plots to evaluate phenotypic descriptors in cactus pear. Therefore, this study aimed to evaluate the optimal plot size for cactus pear cv. Gigante, under the semi-arid conditions of Northeast of Brazil.
Material and Methods
The study was carried out at the Federal Institute of Education, Science and Technology of Bahia, Campus of Guanambi-BA, Brazil, in the period from 2009 to 2011. The experimental field is located in the district of Ceraíma (14° 13' 30'' S, 42° 46' 53" W and altitude of 525 m). The region is characterized by a hot tropical semi-arid climate (Köppen), with mean annual rainfall and temperature of 670.2 mm and 25.9 °C, respectively. The soil of the experimental area was classified as Litholic Neosol (EMBRAPA, 2013) .
Uniformity test with cactus pear cv. Gigante was conducted by adopting homogeneous cultivation practices in the entire area, as recommended by Ramalho et al. (2012) . Cladodes, properly prepared for planting with 15-day curing, were planted in October 2009 at 2 x 0.2 m spacing, and each plant was considered as one basic experimental unit (BEU). The spatial arrangement comprised ten rows of 50 plants each. The evaluated area was formed by the eight central rows and 48 plants per row, disregarding the plants on each end, that is, a total of 384 plants and an area of 153.60 m².
The variables plant height (PH -m); length (CL -cm), width (CW -cm) and thickness (CT -mm) of cladode; number of cladodes (NC); total area of cladodes (TAC -cm²); cladode area (CA -cm²) and cladode green mass yield (Y -Mg ha -1 ) were evaluated in the third production cycle, at 930 days after planting.
To simulate the 15 plot sizes, adjacent BEUs were combined to form rectangular plots along the crop row direction (Table 1) .
The modified maximum curvature method (Lessman & Atkins, 1963) , adapted by Meier & Lessman (1971) , was used to algebraically estimate the point at which the curvature is maximal, which corresponds to the optimal plot size, by the exponential regression equation Eq. 1:
BEU -Basic experimental unit 
where: XMC -X-axis value corresponding to the maximum curvature point, i.e., it is the estimator of optimal plot size; and, A and B -respective estimates of A and В, constants suitable for the equation.
Considering that the maximum curvature point XMC is defined as critical point of plot, Lúcio et al. (2012) argue that decimal transformation of this value must meet the criteria of the discrete variables with approximation to the immediately superior integer.
Statistical determinations to estimate plot size using the modified maximum curvature method were conducted in the calculation program Excel ® from Microsoft ® .
Results and Discussion
In the formation of the 15 plots with different sizes, there was a statistical trend of exponential model for the standard deviation (S = 6.0285x 0.5365 ; R² = 0.9677) and linear increase for the mean (m = 12.351X -0.0023; R² = 1), with increment in the sizes of BEUs (X, in BEU) ( Table 2) .
Lowest and highest experimental coefficients of variation (ECV) were respectively associated with combinations of highest and lowest numbers of BEUs (Table 2) , as expected, because increment in plot sizes usually reduces ECV, except under conditions of heterogeneous soils, in which larger plots may express higher ECV, in response to the soil heterogeneity index (Donato et al., 2018) .
In agricultural experimentation, ECV reflects experimental precision, and plot shapes with lower estimates of this parameter are highly precise (Cargnelutti Filho et al., 2018) . The relation between plot size (BEU) and ECV (Table 2) can be explained by an exponential regression equation, ECV = 49.028x -0.468 ; R² = 0.9557. Nonlinear reduction of ECV is commonly associated with BEU size both in width and length, and such inverse relation between the statistical parameters has been corroborated by several studies (Santos et al., 2015; Brum et al., 2016; Sousa et al., 2016; Cargnelutti Filho et al., 2018) . Figure 1 represents the relation between ECV and plot size in BEU. The maximum curvature point with highest estimate for the characteristics evaluated was associated with total area of cladodes ( Figure 1B) , followed by green mass yield ( Figure 1D ) with approximate plot sizes of seven and eight BEUs, respectively.
Determination coefficients ranged from 0.8082 ( Figure 1F ) to 0.9352 ( Figure 1D ) for the vegetative variables of cactus pear evaluated in the third production cycle. These estimates express adequate precision in the fitting of the models. Santos et al. (2015) simulated plot sizes for different hybrids of sunflower using modified maximum curvature method (MMCM) and obtained similar fits to those of the present study, with R² between 0.8806 and 0.9648 for the optimal plot sizes. With this same estimator, R², Cargnelutti Filho et al. (2018) identified the optimal plot size (XMC, in m²), with fit of 0.9989 to evaluate the fresh mass of forage turnip.
Optimal plot sizes varied according to the evaluated characteristics, with XMC and X estimates between 2.14 and 7.72 and three and eight BEUs, respectively (Figure 1) . The MMCM, besides estimating the optimal plot size preestablished by the critical point, also presents intermediate sizes among those tested, as observed in several studies (Cargnelutti Filho et al., 2014; Santos et al., 2015; Guarçoni et al., 2017) .
However, when optimal plot size is achieved the continuous reduction of ECV leads to no gains in experimental precision because, from the critical or maximum curvature point, ECV tends to stability (Santos et al., 2015) .
Plots with discrepant sizes to the critical point lead to limited gains of precision, with higher experimental costs and greater demand for human resources, besides the possibility of incurring results outside the statistical bias (Cargnelutti Filho et al., 2018) . Thus, plots with practical size of three to eight BEUs were estimated, which favors decision-making with respect to precise experimental planning and adequate direction for the agronomic characteristics to be investigated.
Despite that, the largest plot size, eight BEU, must be considered for the evaluated characteristics because the characteristics observed in the study are normally evaluated together. Therefore, the largest size is selected -indicated by the characteristic with highest variability. Thus, all characteristics analysed are met. In addition, it is justifiable to adopt this procedure because the MCMM, despite its easy application and for being of algebraic determination (Cargnelutti Filho E. F.
G. H.
Plot size (BEU)
et al., 2016), tends to determine smaller plot sizes compared to other methods (Donato et al., 2008) .
Conclusions
1. The characteristics total area of cladodes and green mass yield require larger plot sizes to be evaluated with higher experimental precision.
2. For experimental evaluation of cactus pear cv. Gigante, plot size should be eight plants in the crop row direction.
